The rays of pored timbers may be made up of cells of very diverse forms and functions and may form a horizontal tissue system as varied as the vertical system of the wood.
I. INTRODUCTION The intensive anatomical work that has been carried on during the past 20 years has shown that the simple concept of ray structure based on differences in cell shape is totally inadequate to describe the numerous variations found in woods that are now in use, or to aid in the identification of unknown timbers. Furthermore, though the rays in the majority of dicotyledonous woods are composed entirely of parenchymatous cells, there are many exceptions and ray tissue can include a variety of cells and even tissues of very varied functions. It would seem that the time has now come to take stock of our knowledge of ray structure and to try to find out what differences there are in function between the different cells of a ray, whether these differences are due to the position of the cells in the ray, and how far the cell contents play a part in determining the shape of the ray cells.
It has recently been necessary to make an intensive study of the rays of many different woods, both from a morphological and from a physiological standpoint. This work has shown that, although the rays of many woods may be composed of cells which are all of the same shape, such rays are not neces-· sarily functionally homogeneous. Furthermore, there is a functional heterogeneity not only between the different files of cells that compose a ray, but even within a single file of cells, depending upon the different vertical elements of the wood with which the individual cells of the ray are in contact. Lastly, '* Division of Forest Products, C.S.I.R.O., South Melbourne.
VARIATIONS IN RAYS OF PORED TIMBERS
13 multiseriate rays differ within themeslves, for there is a difference between the peripheral cells in contact with the vertical elements of the wood and the central cells, which are in contact with other ray cells only.
The work of Kribs (1935) and Barghoom (1940) and others has shown that a phylogenetic sequence can be traced through the different ray types in related woods, and. that a similar sequence may often be found from the pith to the mature wood of any single tree. In every case the cell shape in the fully differentiated wood mirrors the conditions that existed at the periphery of the stern when those cells were differentiated from the cambial initials, so that the whole sequence from pith to bark gives a picture of the cambial changes that have taken place during growth from the seedling to the mature tree. In order to understand the part played by the rays during the life of the tree, three different phases of ray activity must be borne in mind. Firstly, that cell shape is determined very soon after the ray cells have been cut off from the ray initials in the cambium; secondly, that certain metabolic by-products are laid down in the cells at this early stage of ray development (silica, crystals, etc. ); and, thirdly, that as long as the ray cells contain living nuclei, they are capable of metabolic activity. This may show itself by the fluctuating cell contents (sugars, starch, etc.), or by excessive growth into the only available spaces (tylm;es into the vessel cavities) under some new stimulation at a late stage in the life of the cell. It is the interaction of these three phases of cell growth that gives the final pattern to the heartwood timber, and the present paper is an attempt to make clearer the interrelation of these three phases of growth, and their significance in the life and development of the tree.
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II. OBSERVATIONS (a) Cell Shape

B
In order to simplify descriptions of wood, rays have, in the past, been classified as homogeneous -composed of radially elongated cells -or heterogeneous -composed of cells of different morphological types, typically with the cells of the uniseriate parts vertically elongated or square and those of the multiseriate parts radially elongated.
Such a classification is quite satisfactory when applied to many woods, but there are a great number that are exceedingly difficult to fit into any existing VARIATIONS IN RAYS OF PORED TIMBERS 15 definition of these terms. It is now some years since the terms were defined (International Association of Wood Anatomists 1933) and most workers on wood structure have found it necessary to qualify the original definitions (Kribs 1935; Reinders-Gouwentak 1949) and even to re-define the terms during the course of a single large work (Moll and J anssonius 1906-36) .
A ~I ~B The proportions between vertical and radial dimensions have recently been measured in many different woods, and variations have been found between a vertical: radial proportion of approximately 10: 1 in the erect cells, and a radial: vertical proportion of approximately 40: 1 in the procumbent cells. Within this range almost any combinations of proportions may be found, from rays composed entirely of cells with greater vertical than radial dimensions (erect or square cells only), as in Guilfoylia monostylis F.v.M. and Pipturus argenteus Wedd. (Fig. 1A and B) , to those composed of square or procumbent cells only, as in Eucalyptus regnansF.v.M. and Acer pseudoplatanus L. (Figs. Ie and 2A) . Between these two extremes is a large range of different ray types, varying from those with high margins composed of many rows of erect cells, as in Endospermum peltatum Merr. (Fig. 2B) , to those in which the ray has only a single row of erect cells on each margin, as in Panax elegans F.v.M. (Fig.  2C ) , or in which the erect and procumbent cells are intermixed, as in H opea nutans Ridl. (Fig. SA) .
(b) Ray-Vessel Pitting
On exammmg different woods it soon became clear that even where the rays are homogeneous in respect of cell shape they may be very heterogeneous as regards function, and that even in a uniseriate ray, in which superposed files of cells are contiguous with the same element, there is often a very marked difference in function between these files.
This difference between the different files of cells in a uniseriate ray was noted by Kny (1909) , who described a difference in turgor pressure between the marginal row or rows of cells and those of the rest of the ray in Salix, Populus, and Castanea, as well as a difference between the marginal cells that were contiguous with the vessels and those that were not. As these woods all have uniseriate .rays, the cells of all the files in each ray are equally contiguous with the vessel. Nevertheless, it is only the upper and lower files in Salix (Fig.  3B) and the two or three marginal files in Populus and Castanea that communicate with the vessels by pits. Heterogeneity of shape may be present, but what is most marked and can be seen on both radial and tangential sections is that this slight difference in the shape of the cells is accompanied by a marked difference in function. The pitted cells must function in the interchange of solutes between the rays and vessels, while the unpitted ones cannot partake in this exchange, though, by reason of their greater length and their highly pitted tangential walls, they may be active in the radial transmission of solutes (Plate 1, Figs. 2, 3, 5, 6, and 7) .
It has been found that, in Eucalyptus regnans, although there is homogeneity of cell shape throughout the ray, certain cells always take up staining reagents differently from the rest, pointing either to a difference in the cell contents, or to a difference in the composition of the cell wall itself. Further examination has shown that this variation in staining corresponds to a difference in function, for, where the ray is in contact with a vessel, the more heavily staining cells are unpitted, and similar differences between the files of cells are found to those observed in Salix, etc., though the proportions of the parts is not the same (Figs. lC and 3B) .
This difference in pitting between the marginal and peripheral cells of the ray has been observed in many woods from a variety of families, but the differences in staining reactions noticed in E. regnans are by no means universal. This may, however, be due to the majority of the observations having been made on dry material. (Plate 1, Figs. 1 and 4 .)
The whole question of differences in cell contents between ray cells -to which reference will be made later -is one that should be thoroughly investigated, as it is now certain that it is the ray cells that play the most important part in the change from sapwood to heartwood.
An intermediate condition between the fully pitted and the unpitted ray cell can be found among the woods of the Sapotaceae, which are characterized by having different types of pitting in erect and procumbent cells. The most usual condition is that shown in Figure 3C (Palaquium galatoxylttm (F.v.M.) H.J.Lam.), in which the procumbent cells communicate with the vessels through pits of the same size and shape as the intervessel pits, but those from the erect ray cells to the vessels are larger, elongated, and often irregular, appearing to result from the fusion of several pit fields into one pit during differentiation. A valiant on this condition appears in the uniseriate rays of Madhuca uti lis H.J.Lam., in which there is a marked correlation between erect ray cells and large pits, though the distribution of the different types of cell through the ray is somewhat irregular (Fig. 4A) . Two species of Chrysophyllum, C. pruniferum F.v.M., and C. roxburghii C.Don. (Fig. 4B,C) , illustrate a further stage of specialization, the erect cells showing a mixture of pit sizes and shapes, while the procumbent cells are pitted very sparsely, if at all, with pits similar in size and shape to the intervessel pits. Crystals are usually found in the wood rays and wood parenchyma, more rarely in the fibres (Chattaway 1937 (Chattaway , 1939 . Within the ray they may occur in either erect or procumbent cells, or in cells similar in shape to other ray cells or specially enlarged or subdivided.
It has been observed that, in rays with crystalliferous cells, the cells contiguous with the vessels do not contain crystals, and this is often mirrored in their shape. Figure 5A shows that in Cyclostemon sp. both crystals and ray-vessel pits are confined to the marginal cells, but that crystals are absent from the pitted cells. The cells of the unpitted files are procumbent. A similar distribution of crystals is shown in Canarium mehenbethene Gaertn. (Fig. 5B ), but the peripheral procumbent cells are pitted with similar pitting to the erect cells. In this wood the crystalliferous cells appear to have arisen through extracambial divisions of a single file of marginal cells. These extra-cambial divisions do not occur when the cells are contiguous with a vessel.
H opea nutans Ridl. illustrates another variant (Fig. 3A) . All the ray cells are pitted when they are contiguous with vessels, and files of short, almost square, crystalliferous cells are interspersed throughout the ray. Here too the cells of the crystalliferous files are without crystals when they are in contact with the vessels. The importance of crystals in the metabolism of the tree is not yet fully understood. They are probably by-products of the differentiating tissues, for they appear in the wood immediately upon its differentiation from the cambium. The cells in which they occur retain their nuclei and take part in the normal metabolism of the tree. Starch may be formed in and resorbed from crystalliferous cells in exactly the same way as from other cells of the rays or parenchyma.
In some woods the distribution of dense cell contents through the rays appears to be correlated with the shape of the cells. This is most clearly illustrated in rays with tile cells, a specialization found in certain genera of the Malvales (Chattaway 1933a) . Durio oxleyanus Griff. is illustrated in Figure 5C and Plate 2, Figure 3 , and Boschia griffithii Mast. in Plate 2, Figures 1, 2 , and 4.
The development of these specialized rays will be discussed in detail later, in the section on ray development.
In Acacia, Eucalyptus, Nothofagus, and many other genera, the rays contain both starch and tannins, which occur together in all the ray cells. In Argyrodendron, on the other hand, there is a segregation of starch and tannin, the starch occurring in the vertical parenchyma and the erect ray cells, while the tannins are confined to the procumbent cells. The distribution of cell contents must, therefore, undergo a change as the ray grows from a uniseriate ray, composed of starch-containing erect cells only, to the multiseriate condition in which the erect, starch-bearing cells are marginal or peripheral (sheath cells), while the central procumbent cells of the ray contain tannin. The significance of these changes will be discussed in the following section.
The full importance of all these variations in cell shape, pitting, and contents is not yet understood. The best method of study is to follow the ontogeny of individual rays through the wood. As the perimeter of the stem increases, the existing rays become further apart and new ones arise between them to maintain the even distribution of this vital tissue through the tree trunk. The new rays are at first uniseriate, and are, in the majority of woods, formed entirely of erect cells. In the course of growth and development some of these rays divide to form a multiseriate portion, the cells of which may retain their erect form, as in Pipturus argenteus (Fig. IB) , or change from erect to procumbent.
The majority of the changes involving growth that take place in the wood occur at the cambium, either as a result of changes in the initial itself or in the daughter cells very soon after these have been cut off from the cambial initial. Secondary thickening fixes these changes in cell shape, and once secondary thickening of the cell walls has taken place their plasticity is lost and the rigid nature of the wood prevents further marked changes of shape or size. The exception to this occurs when the unthickened pit membrane of a ray cell is pushed through the pit mouth to form a tylosis. This occurs as the result of some special stimulation, such as injury, usually towards the end of the life of the ray cell (Chattaway 1949) . Apart from this renewed burst of growth, the activities of the living ray cells appear to be confined to the metabolic processes of radial conduction and storage.
During periods of active growth throughout the tree, the ray initials in the cambium may be dividing by tangential walls to keep pace with the increasing radial diameter of the stem, and by radial and horizontal walls to increase the size of the ray tangentially and vertically. In rays such as those of Pipturus argenteus, which are found among the less highly specialized woods, the cells are all erect and there has been little extra-cambial extension. In such woods the cambial divisions may be assumed to have kept pace with those of the fusiform initials. This stage of phylogenetic development can be found repeated in the ontogeny of many trees, where the rays are found in the region near the pith, to" consist of narrow erect cells only, even when the rays of the mature wood show considerable specialization.
Further specialization leads to rays formed of uniseriate margins of erect cells and multiseriate parts formed of procumbent cells. During the radial growth of such rays by cambial divisions the erect margins must grow by cell division while the central cells are extending radially. This implies one of two alternatives at the actual cambial layer itself, either some cells of the group of ray initials are dividing much more rapidly than others, or, as seems more likely, all the initials are dividing at the same rate to give groups of daughter cells; very soon these begin to differ in contents so that some of them swell and undergo extension in the only possible direction -radially -while others divide more rapidly by tangential walls, keeping pace with the radial expansion of the other cells.
Investigations carried out on the rays of certain Malvales (Chattaway 1933b) showed that during the development of tile cells the procumbent cells of the ray were actually extending while extra-cambial divisions were taking place in the daughter initials of the erect cells which, in this case, divided so rapidly that as many as ten or a dozen erect cells were formed while one procumbent cell was extending. In green branch material of Guazuma tomentosa H.B. & K., there appeared to be differences in cell contents in the cambium itself, but more recent studies of mature wood of other genera suggest that in some woods the differences in cell contents can also appear in the daughter cells immediately after they have been cut off by the cambium. It is always very difficult, among the several thin-walled cells of the cambial layer, to distinguish between the cell that remains forever in a meristematic condition as the initial mother cell and the daughter cell that will shortly undergo differentiation and secondary thickening.
Material of Durio oxleyanus and Boschia griffithii recently examined suggests that the difference in cell conteu"ts sometimes originates in the daughter cell and not in the cambial initial itself, as procumbent cells with dense contents may be interspersed in files of the tile cells. In these woods (Fig. 5C and Plate 2, Figs. 1-4) all the files of ray cells are pitted when they are contiguous with the vessels, but the cells of the tile cell rows are, when in contact with a vessel, no different from the cells of the procumbent files. This similarity extends to the cell contents as well as to the shape ( Plate 2, Figs. 1-4 ). It appears that, in this case, it is the contents that determine the shape, for the cells with dark contents may occur among empty tile cells not only around the vessels, but also sporadically distributed throughout the ray. When: this occurs (Plate 2, Figs. 1 and 2) the cells are always somewhat elongated radially and never of the characteristic "tile" shape. The segregation of starch and tannin into the erect and procumbent cells is of particular interest when it is considered in connection with the growth and development of the rays. It has been shown (Chattaway 1933b ) that, in species of Argyrodendron, the erect marginal cells and also the sheath cells are often products of a cambial initial that has only recently changed in function from a fusiform initial producing fibres, parenchyma, and vessels, to a column of initials producing r~y cells. This change means that horizontal divisions of the initial itself have replaced extra-cambial divisions of the daughter cell, which became a parenchyma strand (Fig. 7A-E) .
The subdivided daughter cell of the fusiform initial (the parenchyma strand) and the daughter cells of a uniseriate group of ray initials (the uniseriate ray) are very similar in appearance on tangential sections, and they are almost identical in their contents. However, at a later stage in the growth of the ray, the ray initials subdivide again, to produce a multi seriate ray, and the column of initials that has been added to the side of an existing ray as a row of sheath cells undergoes subdivision into smaller cells. At this stage there appears, not only a difference in size between the two types of cell, but also a difference in contents, and this difference is maintained in the subsequent history of the cells. The marginal and sheath cells undergo tangential division (which may be extra-cambial) but the procumbent cells undergo radial extension. The even spread of ray tissue through the increasing circumference of the stem is not always attained by the change from fusiform initials to ray initials, but is also achieved by the breaking up of large rays. When this occurs the process described above is reversed, the radially elongated daughter cells being replaced by others that produce only erect cells. The subdivisions in the cambial initial itself are lost and the initial reverts first to a column closely resembling sheath cells and finally to a fusiform cambial initial from which fibres, vessels, or parenchyma strands are cut off in the normal sequence of the wood (Chattaway 1933b (Chattaway , 1937 .
During investigations into the structure of the Proteaceae ( Chattaway 1948) it was observed that, in Banksia and Dryandra, certain rays contain vascular tissue which consists of vessels and tracheids traversing the wood horizontally. These vascular strands, which are continued into the phloem, originate through changes in the cambial initials of existing rays, and are developed in connection with the vessels and tracheids of the secondary wood. Their function is obscure, but they seem to be produced in response to a need for the radial conduction of water. Similar vascular strands have now been observed in Lagunaria patersonii G. Don (Malvaceae).
Recently the development of horizontal secretory canals in the rays of both pored and non-pored timbers has been studied by the serial tangential section method (Chattaway 1951 ). These canals have been shown to arise through changes in the cambial initials that cause a permanent alteration of the type of cell within the ray. The changes in the cambium result, in pored timbers, from some stimulus that causes vertical canals to develop in the secondary phloem.
The laticiferous tubes of the Apocynaceae and the mucilage canals of the Burseraceae appear to develop as the result of some stimulus in the inner phloem, similar to that causing the radial gum canals. Owing to the crushing of the soft tissue of the phloem of the material examined it was not possible to trace their development in the phloem, but their appearance suddenly in the rays of the wood without any obvious vertical connections ( Fig. 6A-H ) and the absence of any similar structllTes from the vertical elements of the xylem suggest that, like the secretory canals mentioned above, they originate in connection with similar tissue in the phloem.
III. DISCUSSION
At the commencement of this paper, three main points were set out for elucidation; what differences there are in function between the different cells of a ray, whether these differences are due to the position of the cells in the ray, and how far cell contents may be said to determine the differences in in cell shape.
The examples cited above show that the wood ray may be a very complex tissue, the elements of which, even when they differ little from one another in appearance, are functioning in a variety of ways. Little work has been done on many of the functions of ray tissue, the general dispersion radially of manufactured food materials having, in the past, been considered as the most important of its activities.
As can be seen from the foregoing pages, the rays are in fact a tissue system as varied as that of the vertical elements of the wood, and the cells of which they are composed may serve for storage, conduction, or secretion just as do the similar elements of the vertical system. The rays may include such different elements as vessels and tracheids, horizontal secretory canals, laticiferous tubes, cells for the storage of starch, oil, silica, crystals, etc. As in the vertical system, not all of these specialized cells occur in all woods; storage cells are more common than secretory ones, and vascular tissue, which is so prominent a feature of the vertical system, is rarely found in the horizontal. Furthermore, the presence of one type of tissue in the vertical system does not imply that it is also present in the horizontal, or vice versa. Vascular tissue is the most obvious example of this, but further examples can be found in every type of tissue cited. Both crystals and silica may each be present in both ray cells and vertical parenchyma, but in some woods they may occur only in the vertical or only in the radial parenchyma. Similarly, the oil cells of the Lauraceae may be found in the rays only, in the vertical parenchyma only, .or in both these tissues in the same wood. Horizontal secretory canals are found in the rays of genera of the Anacardiaceae, Burseraceae, etc., but are absent from the vertical elements of these woods; in the Dipterocarpaceae they are a regular feature of the vertical tissue of the wood of many genera, but are absent from the rays except in a small subsection of the genus Shorea.
As all the cells of both the vertical and horizontal systems originate in the cambial layer, it is there that the changes must be looked for as one type of cell gives place to another. In the vertical system all the cambial initials are similar at the time of their formation, though they may be differentiated very early into the different elements of the wood (vessels, fibres, parenchyma strands, etc.) or of the phloem (sieve tubes, companion cells, phloem fibres, etc. ), If the elements finally differentiated are subdivided horizontally the divisions must have been extra-cambial, as the same initial continues to produce a radial sequence of undivided fusiform daughter cells (Fig. 7 A-E) . Sometimes, however, the series of divisions may occur in the initial itself, taking a permanent place in the wood and producing cells shorter vertically and in a continuous radial series (Fig. 7D,E) . The fusiform initial has in this case changed into a column of ray initials. When such a uniseriate ray becomes multiseriate the divisions again occur in the initials themselves and are mirrored in all the cell series subsequently cut off by them. This is a very important distinction between the ray and the fusiform initials, for it means that whereas the divisions of the fusiform initial cut off tissue that becomes wood on one side and phloem on the other, the ray initials produce ray tissue on both sides of the cambial layer, thus preserving the continuity of radial conduction from the phloem into the xylem.
As the vessels, fibres, and parenchyma of the vertical tissues result from extra-cambial changes, so also do many of the cell variations that are found in the rays; these can be distinguished by. their discontinuity in the radial series. For example, in Cyclostemon sp. (Fig. 5A) , the horizontal divisions that producedthe inner cells, which are shorter vertically than the marginal ones, were -in the cambial initials, for these cells continue at relatively the same height for la long distance through the ray. But the marginal cells in which the crystals lie are occasionally only half the normal height, having undergone extra-cambial division, which has occurred in one daughter cell but not in the next. A more extreme example is seen in Canarium mehenbethene (Fig. 5B) . Here the extra-cambial divisions that give rise to the crystal cells have been more numerous and form a fairly continuous rad;al series, but they are interrupted where the ray is contiguous with a vessel. These cells are the full height of the initial; they are not subdivided and they do not contain crystals.
These two woods are sufficient to illustrate the difficulty of interpreting the influence of cell contents on cell shape. In Cyclostemon sp. the crystals are usually present in the unaltered ray cells; in Canarium mehenbethene the cells that contain them appear to have been subdivided so that a single crystal fills each cell.
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The influence of cell contents on pitting has been equally difficult to assess, as most of the work has been done on dry material from the collection of the Division of Forest Products. Even when fresh material has been available the evidence is conflicting. In Eucalyptus regnans the files of pitted cells appear to differ in staining properties from those of the unpitted cells, but no such differences could be observed in Nothofagus cunninghamii though the same distinction between pitted and unpitted files occurs. That differences in osmotic pressure occur has been shown by Kny (1909) , but it would appear that these result from the differences in pitting and not that they are responsible for them. The highest osmotic values were found in the unpitted files, and the least in the pitted marginal cells, while the unpitted marginal cells (which are not contiguous with the vessels) were intermediate. It is possible that the absence of crystals from cells contiguous with the vesse1s may be due to the removal in the sap stream of certain of the by-products of metabolism, but in such a wood as Cyclostemon sp. another explanation must be sought for their absence from the cells of the unpitted files, and also for their absence . from the procumbent files of cells in Canarium mehenbethene, in which the pitting to the vessels is similar in the erect and procumbent files. The whole question of cell inclusions is clearly a most complex one, calling for special microchemical technique and for freshly felled green material of the cambial regions of mature trees, for both crystals and silica appear to be formed in the cells as soon as these are differentiated from the meristematic layer.· In the foregoing pages an attempt has been made to show how the different radial tissue systems develop to keep pace with the increasing girth. of the tree, and in the course of this study the interdependence of the radial and vertical systems at the cambial layer has become very clear. Other investigations (Chattaway 1949 (Chattaway , 1951 have shown that the vascular tissue and secretory passages in the rays develop only in connection with the vertical tissues. The former originate in connection with the vertical conducting tissue of the wood and the latter in the canals of the phloem or (in the Coniferae) of the xylem. These are both relatively uncommon features, developed only in a few woods, and may be considered to be lines of specialization that are somewhat apart from the main phylogenetic sequence of ray development. The sequence from rays with high erect margins to rays that are composed of procumbent cells only has been shown to run parallel with other sequences of specialization, such as the replacement of scalariform by simple perforation plates. However, the same sequence of ray development is often found in one tree in the wood developed from the centre to the periphery, or from the initiation of a newly formed uniseriate to the multi seriate condition. This sequence must have its origin in actual changes in the shape and development of the cambial initials.
Changes in cell contents as one type of cell file gives place to another must arise through changes in the metabolism at the cambial layer. That one cell file of the ray may be dividing while another is expanding radially is understandable if the cell contents differ, or if the surrounding cells of the differentiating layer produce differences in metabolism. Such differences may explain the greater radial length of central ray cells as compared with the peripheral ones, and the differences between cells contiguous with vessels and those that are not. But the cause of erect ray initials subdividing by radial and horizontal walls while they maintain the same position in the ray in relation to the other elements, and at the same time producing daughter cells that elongate radially instead of undergoing tangential division, implies a fundamental change in the metabolism of the initial itself. Such a change occurs in many woods when a uniseriate ray composed of erect cells becomes partially biseriate.
The work on secretory canals has shown that changes in the ray initials may owe their origin to influences either in the wood or in the phloem. Much recent work has concentrated on the differentiation of the wood because it is the wood that is of primary commercial importance today. But the problem is not one of the wood alone, especially where ray tissue is concerned, and the answers to problems of ray development in the wood may have to be looked for in the phloem. The vertical elements of wood and phloem develop independently on either side of the cambial layer. ~ In the past, ray structure has been considered mainly from its appearance in the wood and the general metabolism of the different types of cell included in the rays has been ignored. It is accepted, however, that many of the materials stored in the ray cells have entered from the phloem, so that the origin of the cells in which they are stored might logically be found also in that part of the tree. At present the metabolism of the different ray cells is little understood, though work in progress at the Division of Forest Products on the sapwood-heartwood change and on siliceous timbers is showing how fundamental it is to the elucidation of many problems connected with timber. It may well be that a study of the phloem will provide an answer to some of these questions that has not been found through studies of the wood alone.
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